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Phylogenetic systematics as developed by 
Hennig (1950, 1966) is a system of methods and 
a view of the world designed to integrate system¬ 
atics with the evolutionary “paradigm.” By evo¬ 
lutionary “paradigm” we mean the world view 
that organisms always have parents and that or- 
ganismic diversity is a byproduct of descent with 
modification. If our view of phylogenetic system¬ 
atics is correct, or even partly so, the results de¬ 
rived from Hennig’s methods should be of gen¬ 
eral utility to the evolutionary community. We 
shall attempt to show this utility by considering 
how the results of phylogenetic analysis can be 
used to infer the mode of speciation involved in 
the origin of species. Before doing so, however, 
we need to discuss what constitutes a species 
because our concepts will influence our choice 
of units to be analyzed. 

Species in Phylogenetic Systematics 

There is no consensus concerning either the 
nature of species-as-taxa or the importance of 
species among those who align themselves with 
Hennig’s (1966) basic philosophy. This should 
come as no surprise because no consensus on 
either question has been reached by the rest of 
the biological community. At the risk of over¬ 
simplifying, we will define two basic attitudes. 
The first is what might be called the heuristic 
attitude. Rosen (1979: 277) defined species as “a 
population or group of populations defined by 
one or more apomorphous features, it is also the 
smallest natural aggregation of individuals with 
a specifiable geographic integrity that can be de¬ 
fined by any current set of analytical techniques.” 
Nelson and Platnick (1981: 11) stated “species 
are simply the smallest detected samples of self- 
perpetuating organisms that have a unique set of 
characters.” Rosen’s statement is somewhat more 
restrictive, both in its inclusion of a geographic 
criterion and in its criterion that the species must 
have at least one apomorphous character. Both, 


of course, are not “process free” concepts since 
one (Rosen’s) contains a statement based on 
character evolution while the other (Nelson and 
Platnick’s) contains a statement based on repro¬ 
duction. Nevertheless, both concepts are as 
heuristic as the authors can make them. 

The second attitude might be termed the “pro¬ 
cess” attitude. The concept applied is not re¬ 
stricted to purely heuristic considerations but also 
the evolutionary nature of the entities. Of all 
phylogeneticists, Hennig (1966) himself was the 
most radical proponent of this attitude, a fact 
that is not always appreciated. Hennig (1966) 
spent a substantial part of his book arguing against 
heuristic concepts because he rejected ideal mor¬ 
phology and the “morphological system.” To 
Hennig (1966: 79-80), it was phylogeny that was 
important, morphology being a way of getting at 
the phylogeny: 

The categories [= taxa] of phylogenetic sys¬ 
tematics are not constructed by abstraction. 
They are not defined as bearers of a complex 
of characters that remains if, starting with the 
individuals, we subtract more and more char¬ 
acters that are specific to the individuals and 
then to progressively more inclusive groups of 
individuals. In the phylogenetic system the 
categories [= taxa] at all levels are determined 
by genetic [= genealogical] relations that exist 
among their subcategories [= taxa included 
within them]. Knowledge of these relations is 
a prerequisite for constructing these categories 
[= taxa], but the relations exist whether they 
are recognized or not. Consequently here the 
morphological characters have a completely 
different significance than in the logical and 
morphological systems. They are not them¬ 
selves ingredients of the definition of the higher 
categories [= taxa] but aids used to apprehend 
the genetic [= genealogical] criteria that lie be¬ 
hind them. [Brackets and emphases ours.] 


1 This study was funded by a grant from the National Science Foundation (DEB-8103532) and two grants 
from the University of Kansas General Research Fund (Nos. 3338 and 3591). 

2 Museum of Natural History and Department of Systematics and Ecology, The University of Kansas, Law¬ 
rence, Kansas 66045. 


Ann. Missouri Bot. Gard. 72: 596-635. 1985. 



1985] 


WILEY & MAYDEN-PHYLOGENETIC SYSTEMATICS 


597 


Thus Hennig (1) rejected taxa as being defined 
by characters and (2) accepted that the only char¬ 
acters useful to the phylogenetic system were those 
that indicated genealogical connections. Hennig 
wished to work with entities having a “real” ex¬ 
istence in nature. Of course one consequence of 
holding to this realist view of the world con¬ 
cerned species—to Hennig species are important 
only to the extent that they function in the 
evolutionary process. Thus a concept of a species 
as a unit functioning in the evolutionary process 
was an important tenet in his system. For all 
practical purposes, Hennig (1966) adopted the 
concept that species are (or were at some stage) 
reproductive units, but differed from such work¬ 
ers as Mayr (1963) and Simpson (1961) in re¬ 
jecting chronospecies. However, he did more than 
this. Hennig understood very clearly that species 
have many of the characteristics of individuals, 
especially singular places of origin in time and 
space (1966: 81): 

If we now attempt to evaluate the categories 
[= taxa] of the phylogenetic system from the 
viewpoint thus gained, there can be no doubt 
that all the supra-individual categories [= taxa], 
from the species to the highest category rank, 
have individuality and reality. They are all 
(...) segments of the temporal stream of suc¬ 
cessive “interbreeding populations.” As such 
they have a beginning and an end in time (N. 
Hartmann), and there is a constant causal con¬ 
nection between the phases in which they are 
found at different times (Ziehen). All this is 
missing in the categories [= taxa] of the mor¬ 
phological or typological system, which con¬ 
sequently are timeless abstractions (Woodger) 
and therefore have neither individuality nor 
reality. 

It would be a mistake to assume that his con¬ 
demnation was directed only at paraphyletic and 
polyphyletic taxa. 

Hennig was perfectly aware that species and 
natural higher taxa (i.e., monophyletic taxa) were 
not the same sorts of individuals as individual 
organisms. Michael Ghiselin isn’t the same sort 
of individual as Homo sapiens, who isn’t the 
same type of individual as Vertebrata. Further, 
he recognized that the concept of individuality 
provided a link in our understanding of the tran¬ 
sition between species, higher taxa, and natural 
hierarchies (see Hennig, 1966: 82-83). Specifi¬ 
cally: 


Thus all categories [= taxa] of the phylogenetic 
system are characterized by individuality and 
reality, in contrast to the abstract and timeless 
categories [= taxa] of the morphological sys¬ 
tem. This does not mean that they are all “in¬ 
dividuals” in exactly the same sense as the 
individual organisms that are the units of life, 
and which we ordinarily call individuals. De¬ 
pending on the purpose we have in mind, we 
may emphasize the common traits in the mode 
of existence of the individuals (in the custom¬ 
ary, strict sense) and the supra-individual sys¬ 
tematic groups, or we may emphasize the dif¬ 
ferences. But, we cannot transfer uncritically 
all the criteria of individuality that character¬ 
ize one category rank [= taxa at one rank] to 
other category ranks [= taxa at higher or lower 
rank] if we are to avoid faulty conclusions 
(Hennig, 1966: 83). 

Hennig went on to emphasize that his thoughts, 
apparently developed from considering Hart¬ 
mann (1942, not seen, cited in Hennig, 1966), 
applied only to taxa that were natural in the phy¬ 
logenetic sense. 

Michael Ghiselin (1969, 1974, 1980, 1981) in¬ 
dependently came to the same conclusion as 
Hennig (1966): particular species are individuals 
and most emphatically, they are not mere clus¬ 
ters, nor are they natural kinds. This distinction 
is discussed at length by Ghiselin (1969, 1974, 
1980, 1981) and by Hull (1976, 1983). Natural 
kinds are held by many philosophers to be eter¬ 
nal, immutable, and discrete. The problem, 
pointed out by both Ghiselin and Hull, is that 
philosophers have traditionally thought of par¬ 
ticular species as natural kinds, even after ac¬ 
cepting that evolution renders particular species 
as temporary and changeable entities. We stress 
the phrase “particular species” because there is 
an additional confusing aspect to the problem — 
“species” refers to both particular species such 
as Homo sapiens and Pinus ponderosa and to a 
natural kind that defines a class of entities on 
which process operates: although Pinus ponder¬ 
osa is changeable and temporary, the natural 
kinds “biological species” and “evolutionary 
species” are eternal and immutable. There may 
be no individual species that are the natural kind 
“biological species,” but that doesn’t mean there 
has never been such a species or that such a 
species will never appear in the future. The pos¬ 
sibility of biological or evolutionary species is a 
permanent possibility, entities which fill the class 
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may evolve many times and in many places. An 
individual species, such as Pinus ponderosa, 
however, can evolve but once and once extinct 
is extinct forever. 

Process and Pattern in Speciation 

Speciation is one of the major processes un¬ 
derlying the patterns of descent that is the phy- 
logeny of life on earth. As summarized by Wiley 
(1981) from many sources, speciation is not a 
single process but several more-or-less distinct 
processes that result in increases (and theoretical 
decreases) in the number of species in a clade. 
Patterns of genealogy at the level of species are 
the result of speciation. In some cases patterns 
of genealogy between clades are similar when 
examined in time and space. In other cases they 
are different. Different patterns may be the result 
of mistakes in reconstructing phylogenetic his¬ 
tories, the result of undetected extinctions or spe- 
ciations, or the result of dispersals that alter the 
original pattern. These are all the result of our 
inabilities to detect what has actually happened. 
It is also possible that we have correctly recon¬ 
structed history and that the similarities and dif¬ 
ferences we observe in patterns of descent have 
a causal reason. Specifically, different modes of 
speciation might result in different patterns of 
genealogy in time and space. If so, and if we can 
couple differences of pattern with differences in 
mode, then we have additional tools with which 
we can gain a better understanding of the evo¬ 
lutionary process. 

assumptions 

Following the analysis of Wiley (1981) we shall 
explore the phylogenetic and biogeographic pre¬ 
dictions derived from various proposed specia¬ 
tion modes that might be expected under certain 
conditions. The point of doing this exercise is to 
outline the conditions under which we can use 
genealogical and biogeographic information to 
determine which of the various modes might be 
operating. Obviously we do not expect all, or 
even most, groups to fulfill these conditions. At 
best we can hope that a few groups will fulfill the 
conditions and act as exemplars for studying the 
evolutionary process. 

Assumption 1. Character evolution provides 
a reliable basis for inferring the history of spe¬ 
ciation. There are two conditions under which 
this assumption would hold: (1) character evo¬ 
lution is coupled with speciation; or (2) character 
evolution keeps pace with lineage splitting, that 


is, there is enough anagenesis between lineage 
splits so that the sequence of splits leaves a “his¬ 
torical trail” that can be followed. Assumption 
1 is violated if vicariance proceeds at a faster rate 
than character evolution, producing isolated 
populations that are similar. Subsequent evolu¬ 
tion would not document the history of vicari¬ 
ance and a polytomy would result. (We shall see 
in a later section that a polytomy may exist even 
if character evolution does keep pace with vi¬ 
cariance.) 

Two examples illustrate this. Fundulus sciadi- 
cus is composed of at least three disjunct pop¬ 
ulations (Fig. 1), presumably separated during 
the Kansan glaciation. If future divergent char¬ 
acter change occurs before sympatry is achieved 
or before further splitting, a future phylogenetic 
reconstruction will not reflect the vicariance event 
involved. Fundulus catenatus is composed of at 
least five disjunct populations (Fig. 2), two of 
which might be correlated with the Ozark-Ten- 
nessee highlands vicariance event that we will 
discuss in a later section. Subsequent character 
evolution would not document the sequence of 
geographic isolation that this species has under¬ 
gone. 

Assumption 2. There are no extinctions of 
species in the clade. If we examine the results of 
particular speciation events, we must have some 
confidence that the species compared are the 
product of a single speciation event and not sep¬ 
arated on the phylogenetic tree by several extinct, 
and unknown, species. If they are, then the dif¬ 
ferences observed may be the result of differences 
accumulated during several events. For example, 
Fundulus parvipinnis and F. lima are separated 
from other North American Fundulus by the 
Rocky Mountains and Great Basin. We know of 
fossil Fundulus from the Pliocene of California 
(Miller, 1945) and possibly from the Miocene of 
the Mohave Desert (Uyeno & Miller, 1963). Ob¬ 
viously ascribing the differences between Recent 
western Fundulus and their eastern counterparts 
to a single speciation event would be a dubious 
hypothesis. We simply don’t know how many 
events were involved. The case of the Fundulus 
nottii species group (Wiley, 1977) is different. In 
this case (see Fig. 5 and discussion in a later 
section) there is no reason to believe that ex¬ 
tinctions have occurred that would obscure the 
patterns because the group is distributed contin¬ 
uously over space. 

Assumption 3. Dispersal has not obscured the 
original geographic pattern. Species pairs or clades 
that show large-scale dispersal may be identified 
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Figure 1. Distribution of Fundulus sciadicus (from Lee et al., 1980 and Ellis, 1914). 


by widespread sympatry. For example, the pat¬ 
tern of speciation in the Fundulus olivaceus group 
(Fig. 3) is obscured by the widespread sympatry 
of F. olivaceus and F. notatus (Thomerson, 1966) 
and by the sympatry of F. euryzonus with both 
F. notatus and F. olivaceus (Suttkus & Cashner, 
1981). 

Obviously we cannot insure that any clade ful¬ 
fills all three assumptions. However, we will sug¬ 
gest that some clades do because their histories 
and distributions show concordance with pre¬ 
dictions based on particular modes of speciation 
and, in some cases, partial congruence in time 
and space with other groups. One final caveat— 
the modes we discuss are not our inventions and 
we have no interest in defending any of them as 
dominant or, in some cases, even realistic. 

Modes and Predictions 

Following Mayr (1963), we may distinguish 
among three basic models of speciation. Reduc¬ 


tive speciation involves lineage fusion; two 
species fuse to produce a third new species. While 
theoretically possible, there have been no doc¬ 
umented cases of such events (Wiley, 1981). The 
nearest example would be a “compilospecies” 
(Harlan & deWet, 1963), in which one preexist¬ 
ing species simply absorbs the other. Additive 
speciation involves lineage splitting and reticu¬ 
late speciation. The result is an increase in species 
diversity. There are several models for nonretic- 
ulate additive speciation that can be distin¬ 
guished on the basis of the importance of geo¬ 
graphic subdivision from essential (allopatric 
speciation) to nonessential (sympatric specia¬ 
tion). Additive speciation models are rich in pre¬ 
dictions and we shall discuss several of them in 
sections below. The final model is “phyletic spe¬ 
ciation,” the proposition that there is species 
turnover within a single lineage without adding 
species in any one time frame. This “mode” has 
been rejected as a true mode of speciation by 
Hennig (1966) and by Wiley (1981) who pointed 
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Figure 2. Distribution of Fundulus catenatus (from Lee et al., 1980). 


out that subdividing a continuous lineage is an 
inherently arbitrary procedure. We shall not dis¬ 
cuss it further. 

Allopatric Speciation 

Allopatric speciation is an umbrella term for 
a spectrum of modes that involve complete geo¬ 
graphic separation of two or more subpopula¬ 
tions of a species during its evolution into two 
or more daughter species (one of which may be 
the ancestor itself). Allopatric speciation is 
thought to be the dominant mode by many in¬ 
vestigators (cf. Mayr, 1963; Grant, 1971). Two 
basic models can be discerned based on popu¬ 
lation structure, a model that assumes gene flow 
is present and promotes lineage cohesion and one 
that assumes gene flow is absent or rare. The 
“gene flow model” can be further subdivided on 
the basis of the relative percent of the ancestral 
geographic range occupied by the subdivided 


populations. At one extreme we can envision 
equal partitioning of the ancestral range. At the 
other extreme we can envision the budding ofT 
of a very small part of the ancestral range, per¬ 
haps a single deme or even a single individual. 
Thus three models may be distinguished, two of 
which are extremes of a continuum. 

ALLOPATRIC SPECIATION I —VICARIANCE 

Vicariance speciation (Wiley, 1981) is a gene 
flow mode involving substantial geographic space. 
Differentiation may be manifested before geo¬ 
graphic separation in the form of geographic 
variation, or it may not. Speciation may be rapid 
or slow depending on the amount of geographic 
variation existing before subdivision and the oc¬ 
currence of evolutionary novelties after subdi¬ 
vision. Wiley (1981) suggested that the following 

phylogenetic and biogeographic predictions could 
be made based on this mode: 









WILEY & MAYDEN-PHYLOGENETIC SYSTEMATICS 


601 


1985] 



Figure 3. Distribution of the Fundulus olivaceus species group (from Lee et al., 1980 and Suttkus & Cashner, 

1981). 


1. Dichotomous phylogenies should predom¬ 
inate because of ancestral “extinctions,” i.e., be¬ 
cause there is no particular reason to think that 
either geographic subunit will be identical with 
the ancestor as a whole (Fig. 4). 

2. The range of an ancestral species may be 
estimated by adding the ranges of daughter 
species. 

3. Different clades should show common 
(congruent) patterns of speciation over time and 

space. 

Predictions 1 and 3, dichotomy and some level 
of biogeographic congruence, are the important 
predictions. Of course, the congruence observed 
will be limited to those groups who (1) inhabit 


the same region, (2) are actually affected by the 
geographic event in question, and (3) have a his¬ 
tory of character evolution that has kept pace 
with the subdivision. 

Vicariance—Central Gulf Coast specia¬ 
tion. A number of clades of fishes contain sister 
species whose boundaries can be defined by the 
Mobile Bay drainage of the Central Gulf Coast 
of the U.S.A. Within the freshwater Fundulus 
nottii species group (Wiley, 1977; Fig. 5), F. not- 
tii is found from streams draining into Lake 
Pontchartrain, Louisiana eastward to and in¬ 
cluding the lower reaches of the Mobile Bay 
drainage, Alabama. Its sister species, F. escam- 
biae, is found from the Perdido River Drainage, 
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Figure 4. Speciation in the hypothetical clade NOP 
illustrating phylogenetic patterns expected in model 1 
speciation. 


Alabama to the lower Suwannee River, Florida. 
Phylogenetic analysis (Wiley, 1977) indicates that 
this species pair is most closely related to F. lin- 
eolatus, an Atlantic coastal species parapatric with 
F. escambiae (C. Gilbert, pers. comm.), and that 
the three together have affinities with the western 
sister pair F. blairae-F. dispar (see Fig. 5). There 
are several other fish groups showing a vicariant 
pattern at the Mobile Bay basin. These include: 

1. Fundulus confluentus and F. pulvereus (Fig. 
6), coastal and estuarine killifishes (Wiley, in 
press). 

2. Etheostoma chlorosomum and E. davisorti 
(Fig. 7), freshwater darters (Howell, 1968; Page, 
1983). 
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Figure 5. Distribution of the Fundulus nottii species group (from Wiley, 1977, with additional data from 
C. R. Gilbert, Univ. Florida). Tree: [4+5] + [3 + (l +2)]. Characters supporting tree: see Wiley (1977, in press). 
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Figure 6. Distribution of Fundulus confluentus and F. pulvereus. (Reylea, M.S. Thesis, Florida State Univ., 
1965, recognizes most Atlantic populations north of Florida as belonging to F. pulvereus and he recognizes a 
zone of intermediates between the Apalachicola River and Mobile Bay. We do not follow this, but we recognize 

the need for further study.) 


3. Ammocrypta beani and A. bifasciata, 
freshwater sand darters (Fig. 8; from Williams, 
1975). 

4. Hybopsis winchelli and an undescribed 
species (Fig. 9), freshwater chubs (Clemmer, 1971; 
Lee et al., 1980). 

In addition, several groups of snakes show vi- 
cariant patterns along the Mobile Bay basin, some 
on the level recognized as species, some as sub¬ 
species. These include: 

1. Nerodia rhombifera and N. taxispilota, 
water snakes (Fig. 10; Mount, 1975). 

2. Two subspecies of Nerodia cyclopion (Fig. 
11; Mount, 1975). 

3. Two subspecies of Farencia abacura, the 


mudsnake (Fig. 12; Smith, 1938; McDaniel & 
Karges, 1983). 

Additional possible examples of this pattern 
also exist, but are complicated by the presence 
of a Mobile Bay drainage endemic, borders which 
do not exactly correspond to the event, dispersal, 
or the lack of an adequate phylogenetic hypoth¬ 
esis. These include: 

1. Notropis longirostris and an undescribed 
species, two shiners, with the undescribed species 
endemic to the Mobile Bay drainage and N. lon¬ 
girostris found both east and west (Fig. 13; Swift, 
1970; Lee et al., 1980; R. D. Suttkus, pers. 
comm.). 

2. The Notropis roseipinnis species group, 
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E.chlorosomum 


davisoni 


Figure 7. 


Distribution of Etheostonia chlorosomum and E. davisoni (from Page, 1983). 


three shiners, with the Mobile endemic being the 
sister of the species east of the Mobile rather 
than west (Fig. 14). Snelson( 1972) presented dif¬ 
ferent possible phylogenies of these species and 
recently Stein et al. (1985) considered the above 
relationships to be most parsimonious. 

3. Ammocrypta meridiana, a Mobile Bay en¬ 
demic, is the sister species of the A. vivax-A. 

pel/ucida species group (Fig. 15; Williams, 1975; 
Page, 1981). This pattern is similar to that of the 


Notropis roseipinnis group and has a Mobile en¬ 
demic, but differs from it and the F. nottii group 
in lacking a species east of the Mobile. 

4. The Notropis hypselopterus species group 
in which there is an apparent peripheral isolate, 
N. euryzonus, closely related to the eastern species 
N. hypselopterus. The western species, N. sig- 
nipinnis, shows a broad area of sympatry east of 
the Mobile (Fig. 16; Bailey & Suttkus, 1952; Sutt- 
kus, 1955; Gilbert & Platania, 1980). 































1985] 


WILEY & MAYDEN- PHYLOGENETIC SYSTEMATICS 


605 


5. Percina sciera and P. nigrofasciata (Fig. 17) 
show a pattern opposite of the Notropis hypse- 
lopterus group with the eastern species being 
widely sympatric with its sister west of the Mo¬ 
bile. This is further complicated by having two 
additional species ( P . aurolineata and P. lenticu- 
la ) of this clade in the middle of the distribu¬ 
tional pattern of the clade (Lee et al., 1980; Page, 
1981). 

6. Two species of the turtle genus St er not he¬ 
ms, S. carinatns and 5. minor, show a pattern 
that might have resulted from a vicariance event 
involving the Mobile Bay drainage, but the pat¬ 
tern is complicated by the presence of S. minor 
in the Pearl River drainage of Mississippi and 
Louisiana (Fig. 18; Tinkle, 1958). 

7. Two subspecies of the cottonmouth, Ag- 
kistrodon piscivorus (Fig. 19; Conant, 1975), two 
races of kingsnakes, Lampropeltis getulus, and 
two races of the pinesnake, Pituophis melano- 
leucas, have borders that correspond to a Mobile 
Bay vicariance (Mount, 1975) but in each case 
there are additional races or subspecies and there 
are no phylogenetic hypotheses demonstrating 
that the races with borders at the Mobile Bay 
drainage are closest relatives. 

Another group of species show evidence of a 
more western vicariance event loosely associated 
with the Mississippi River. Within the Fundulus 
nottii species group, F. blairae and F. dispar are 
largely confined to the western part of the range 
(Fig. 5) and are the sister group of the eastern 
members of the group. A similar pattern is seen 
in Ammocrypta, with A. clara being the sister 
species of the beani-bifasciata species pair (Fig. 
8). Additional examples might include: 

1. Notropis sabinae, the sister species of the 
N. longirostris complex (Swift, 1970; Cobum, 
1982; Fig. 13). 

2. Notropis umbratilis-N. ardens species pair, 
sister group of the N. roseipinnis group (Snelson, 
1972; Mayden, unpubl. data; Fig. 14). 

Other groups may show a similar pattern, but 
the phylogenetic relationships among the mem¬ 
bers have not been investigated. These include: 

1. Two subspecies of the turtle Deirochelys re- 
ticularia (Fig. 20; Zug & Schwartz, 1971), but 
there is a third subspecies. 

2. “ Notropis ” amnis and the Hybopsis am- 
blops complex (Fig. 9), but there are at least five 
species inhabiting other regions whose relation¬ 
ships are not known (Clemmer, 1971; Cobum, 
1982; Mayden, unpubl. data). 

In summary, there are possibly two large-scale 



Figure 8. Distribution of the Ammocrypta beani 
species group (from Williams, 1975). Tree: 3+0+2). 
Characters supporting tree: see Williams (1975). 

vicariance events on the Northern Gulf Coast, 
one splitting the areas east and west of the Mobile 
Bay drainage and one involving the areas east 
and west of the Mississippi River. For those 
groups that show both patterns, it appears, based 
on the phylogenies, that the vicariance centering 
around the Mississippi is older than that center¬ 
ing around the Mobile Bay. 

Vicariance—the Central Highlands. The 
Central Highlands of the U.S. may be broadly 
conceived of having two major components. The 
Interior Highlands comprises the Ozark Plateau 
and Ouachita Highlands. The “Tennessee High¬ 
lands” comprises the Interior Low Plateau, the 
Ridge and Valley Province, and the Blue Ridge 
Province—essentially that part of the Central 
Highlands drained by the Ohio, Tennessee, and 
Cumberland Rivers between the Appalachian 
Divide and the Coastal Plain. The faunas of in¬ 
terest are largely confined to high gradient 
streams, which usually have clear waters and 
rocky bottoms. Both areas have faunal (and no 
doubt floral) endemics and the closest relative(s) 
of an endemic in one area is likely to be found 
in the other area. In Figure 21, we have plotted 
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Figure 9. Distribution of Hybopsis amblops and related species (from Lee et al., 1980). Tree: (1+2)+3 + 
4+5+6+ 7. Characters supporting the monophyly of the group: (1) oval orbit, (2) prominent lateral spines on 
the neck of the urohyal, (3) broad parasphenoid, (4) long neck on first basibranchial, (5) enlarged first pair of 
hypobranchials, and (6) elongate interhyal (Mayden, unpubl. data). 


the total ranges of 44 species of freshwater fishes 
whose ranges are largely confined to one or both 
regions of the Central Highlands. (The many areas 
plotted north of these regions define various dis¬ 
junct populations of species found in the region.) 
Not shown on this map, but plotted on subse¬ 
quent maps are the ranges of close relatives out¬ 
side the Highlands. Further, we do not show or 
discuss the large numbers of species endemic to 
various areas of the Tennessee or Ozark High¬ 
lands. The southern boundaries of the majority 
of the species shown in Figure 21 are largely 
congruent and form a border with the margins 


of the Cretaceous sea coincidental with the 
Coastal Plain. The northern boundaries of the 
Central Highlands fauna are not distinct owing 
to numerous disjunct populations of species oth¬ 
erwise confined to the two regions. 

Geologic data indicate that prior to the Pleis¬ 
tocene many of the streams of Ohio, Indiana, 
and Illinois were high gradient and thus suitable 
for highland fishes (Thombury, 1967; see May¬ 
den, 1985, for summary). Further, drainage pat¬ 
terns were different, and what is now loosely re¬ 
ferred to as the “Central Lowlands” was a high¬ 
land region prior to the Pleistocene. Much of the 
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Figure 10. 


Distribution of Nerodia rhombifera and N. taxispilota (from Mount, 1975 and Conant, 1975). 
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Figure 11. Distribution of two subspecies of Nerodia cyclopion (from Mount, 1975 and Conant, 1975). 
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Figure 12. Distribution of two subspecies of Farencia abacura (from Smith, 1938 and McDaniel & Karges, 

1983). 
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Figure 13. Distribution of the Notropis longiros¬ 
tris group (from Lee et al., 1980 and R. D. Suttkus, 


Tennessee Highlands was drained by the Teays 
River (labeled 9 in Fig. 22) that joined the Mis¬ 
sissippi north of St. Louis. To the south the old 
Ohio (labeled 10 in Fig. 22) joined with the Cum¬ 
berland to empty directly into the Mississippi 
and did not join with the Tennessee (see Hocutt 
et al., 1978, for a review). The present drainages 
are a consequence of Pleistocene phenomena. 
Thus, prior to the Pleistocene there is evidence 
that (1) the highland fauna covered a more ex¬ 
tensive geographic area than today and (2) the 
drainage patterns were much different. 


pers. comm.). Tree: 3+(l +2). Characters supporting 
monophyly of the group: (1) maxillary process of pal¬ 
atine elongate and anteriorly directed, and (2) enlarged 
plate-like second infraorbital (Mayden, unpubl. data). 
Characters uniting (1+2): see Swift (1970). 
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Figure 14. Distribution of the Notropis roseipinnis species group (from Lee et al., 1980). Tree: 
[3+4]+[2+(l +2')]. Character uniting the group: breeding colors of males consisting of bright blues and reds 
(Mayden, unpubl. data). Character uniting (3 + 3): dark vertical bars on dorsum of breeding males (Mayden, 
unpubl. data). Relationships of [2+(l +2')] are discussed in Stein et al. (1985). 


The distinctiveness of the Central Highlands 
is partly reflected by the presence of species large¬ 
ly endemic to both areas. Among these are the 
minnows Notropis galacturus (Fig. 23) and N. 
boops (Fig. 24), the extinct sucker Lagochila la- 
cera (Fig. 25), and cavefish Typhlichthys subter- 
raneus (Fig. 26), the darter Percina evides (Fig. 

27) , and the salamander Eurycea lucifuga (Fig. 

28) . The distinctiveness of each region is also 
reflected by the presence of numerous endemic 
species that are not considered in this analysis. 


When we presented data at the symposium 
concerning the Central Highlands fauna we 
thought that speciation within the clades inhab¬ 
iting these regions might be due to Pleistocene 
glaciation. Glacial activity caused the regions to 
the north to become disjunct by depositing till 
and/or loess and silting of the streams in areas 
now referred to as the Central Lowlands. This 
might be termed the “Pleistocene hypothesis.” 
The question is not whether the Illinoian (and 
probably the earlier Kansan) Glacier caused a 
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Figure 15. Distribution of the Ammocrypta pellucida species group (from Williams, 1975). Tree: 1 +(2 + 3). 
Relationships discussed by Williams (1975). 


disjunction. Rather, was some of the speciation by the pattern we see today? This latter hypoth- 
within the Central Highlands fish fauna corre- esis might be termed the “pre-Pleistocene hy- 
lated with the event(s) or, were the species we pothesis. 
observe today extant at the beginning of the 




Clades that conform to the Pleistocene hy- 
Pleistocene and perhaps speciated, in a drainage pothesis would be expected to show the following 
system pattern that was subsequently replaced attributes: (1) they have one speciation event that 
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Figure 16. Distribution of the Notropis hypselopterus species group (from Gilbert & Platania, 1980). Tree: 
1 +(2+3). Characters supporting monophyly of the group: (1) very shallow preethmoid socket on the palatine, 
(2) presence of a broad lateral stripe on the body, and (3) iridescent colors (Mayden, unpubl. data). Characters 
supporting (2+3): breeding tubercles on mandibles directed laterally and in “comb” rows (Mayden, unpubl. 
data). 


is congruent with the Interior-Tennessee dis¬ 
junction, and (2) no speciation event within either 
region can be correlated with an event that was 
pre-Pleistocene or pre-Illinoian in origin. Three 
species groups conform to these attributes: 

1. The Notropis spectrunculus species group 
(Fig. 29). A clade of two described and one un¬ 
described species (Ramsey, 1965; Mayden, un¬ 
publ. data). Only the described species ranges are 
shown, the undescribed species is found in the 
Tennessee and Cumberland River systems and 
is the sister species of N. spectrunculus (Branson, 

1983). 

2. Etheostoma niangue and E. saggita (Fig. 
30). Most workers (e.g., Bailey, 1948; Page & 
Whitt, 1973) have considered this pair sister 
species. Relationships to other members of the 
genus are not clear. 

3. Percina cymatotaenia and P. sp. cf. cy- 
matotaenia (Fig. 31) (Page, 1974, 1983). 

This is not an impressive list. Further all three 
clades show wide geographic disjunctions be¬ 
tween species that indicates much extinction and. 


in no case do we have the phylogenetic infor¬ 
mation necessary to relate any of these clades to 
other species within their genera. Finally, while 
they conform to our expectations regarding the 
Pleistocene hypothesis, they are also perfectly 
consistent with the pre-Pleistocene hypothesis. 

Clades that conform to the pre-Pleistocene hy¬ 
pothesis may be expected to show the following 
attributes. (1) They contain one or more species 
in both the Interior and Tennessee Highlands 
and one or more additional species endemic to 
one of these regions, indicating that speciation 
in the clade and the achievement of sympatry 
occurred before the Pleistocene. (2) They contain 
a species (or more than one species) that has relict 
populations of early Pleistocene origin, dating 
that species as existing before Illinoian glacia¬ 
tion, the last known event to split the Central 
Highlands. (3) They contain species whose origin 
can be dated as early Pleistocene or pre-Pleis¬ 
tocene and who are of more recent origin than 
the taxa conforming to the disjunction between 
the Tennessee and Interior Highlands. 
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Figure 17. Distribution of the subgenus Hadropterus, genus Percina (from Page. 1974, 1983). Tree: 
3 + [4+(l +2)1. Characters supporting tree: see Page (1974). 


Clades which have one or more of these attri¬ 
butes are listed below. The first five show attri¬ 
butes 1 and 2. 

1. Fundulus catenatus species group (Fig. 32). 
Fundulus catenatus is found in both highland 
regions. Fundulus stellifer is probably its closest 
relative (Wiley, in press; data from Williams & 
Etnier, 1982), and the pair shows a highlands- 
Mobile Bay pattern similar to Notropis leuciodes 
and N. chrosomus (see below). Fundulus catena¬ 


tus in the Interior Highlands comprises two pop¬ 
ulations, one in the Ozarks, another in the 
Ouachita Highlands. These highlands were once 
continuous but were dissected by the present Ar¬ 
kansas River prior to the Sangamonian, the in¬ 
terglacial just after the Illinoian Glacier (Quinn, 
1958). In addition, there is one disjunct popu¬ 
lation in Indiana (?Illinoian relict) and at least 
one in Mississippi (age unknown). 

2. The Hybopsis dissimilis group (Figs. 33, 34). 
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Figure 18. Distribution of three species of Sternotherus (from Tinkle, 1958). Tree: unresolved. 



Figure 19. Distribution of two subspecies of Agkistrodon piscivorus (from Conant, 1975). 
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Figure 20. Distribution of three subspecies of Deirochelys reticularia (from Zug & Schwartz, 1971). Tree: 
unresolved. 


This group contains five species of chubs char¬ 
acterized by having a unique barbel morphology 
(Mayden, unpubl. data). The species relation¬ 
ships are unanalyzed, but H. insignis and H. dis- 
similis share one derived character (presence of 
lateral pigment blotches on the flanks), which 
indicates they are sister species. Hybopsis dissim- 
ilis is found in both highland regions and is 
broadly sympatric with H. insignis. Further, H. 
insignis has a number of relict populations, some 
of which correspond to regions along the south¬ 
ern edge of the Illinoian Glacier. Hybopsis 
x-punctata is found in the Ozark Highlands and 
has several disjunct populations including one in 
the Ouachita Highlands, several north of the 
Ozarks and several congruent with the eastern 
disjunct populations of H. dissimilis. 

3. The Notropis telescopus group (Fig. 35). This 
is a clade of four species, which includes two 
Eastern Highlands species (N. semperasper and 
N. scepticus) as well as two Central Highlands 
species (N. telescopus and N. ariommus) (Co¬ 
bum, 1982). Notropis telescopus is found in both 


highland regions. Notropis ariommus is more 
closely related to the two Eastern Highland species 
and it has a number of disjunct populations in 
the Central Lowlands. 

4. The Notropis zonatus-coccogenis group 
(Fig. 36). In this case we have five species and 

two clades (Buth, 1979; Buth & Mayden, 1981; 
Mayden, unpubl. data). The clades show the In- 
terior-Tennessee split. However, only N. cocco- 
genis is a Tennessee form and it is most closely 
related to N. zonistius from the Apalachicola 
River drainage. Further, N. pilsbryi is composed 
of three disjunct populations, one of which is 
confined to the Ouachita, dating it as pre-Saga- 
monian. Thus the origin of N. zonatus and N. 
pilsbryi must have occurred prior to this (unless 
N. pilsbryi is the ancestor of N. zonatus). 

5. The Notropis nubilus group (Fig. 37). Three 
species are members of this clade (Swift, 1970). 
Two are found in the highlands and one in the 
Mobile Bay drainage. Relationships among the 
three are unresolved. If two highland species, N. 
nubilus and N. leuciodus, are closest relatives, 
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Figure 21. Composite ranges of 44 species of fishes largely confined to the Central Highlands of the United 
States, including disjunct populations found outside the region (mostly from Lee et al., 1980). 


then the group would seem to be a candidate for 
the Pleistocene hypothesis. However, N. nubilus 
has a northern disjunct population that occurs, 
in part, in the “Driftless Area” of Wisconsin, 
Minnesota, and Iowa (Flint, 1957) and is prob¬ 
ably a pre-Pleistocene relict (Pflieger, 1971). In 
addition, N. nubilus has a coiled gut found only 
in one other unrelated member of the genus (Swift, 
1970; Snelson, 1971) indicating that it cannot be 
considered an ancestor that dispersed eastward 
during the Pleistocene to give rise to the eastern 
members of the clade. 

6. The Etheostoma variatum group (Fig. 38). 
This group of darters comprises six species 
(Hubbs & Black, 1940; Richards, 1966; Mayden, 
unpubl. data). It is interesting because the Inte- 


Figure 22. Pre-Pleistocene drainage patterns of the 
Central Highlands and adjacent regions. 1 = Plains 
Stream, 2 = Red River, 3 = Ouachita River, 4 = Ar¬ 
kansas River, 5 = White River, 6 = Grand River, 7 = 
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Iowa River, 8 = upper Mississippi River, 9 = Teays 
River, 10 = Cumberland and Tennessee Rivers. (Mod¬ 
ified from Mayden, 1985.) 
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Figure 23. Distribution of Notropis galacturus 
(from Lee et al., 1980). 


rior-Tennessee split does not correspond to two 
monophyletic groups. Rather, E. blennius is the 
oldest member of the group and there is evidence 
that there was a separation of the southern part 
of the Tennessee Highlands from the presumably 
continuous highland fauna to the north and west 
(essentially Tennessee River versus Teays-Mis- 
sissippi). The next speciation event involved E. 
sellare and the ancestor of the remaining species 
and was a highlands versus East Coast vicariance 
event whose basis we cannot interpret (stream 
capture/peripheral isolation?). The remaining 
four species form a clade and have an Interior- 
Tennessee distribution. Whether the speciation 
event that separated members of this clade was 
the result of Pleistocene glaciation is problemat¬ 
ical. However, we could resolve this by showing 
that the origin of the E. osburni-E. kanawhae 
species pair was early Pleistocene or pre-Pleis- 
tocene. Unfortunately there are no data con¬ 
cerning the age of the Kanawha Falls (Hocutt et 
al., 1978), the geological feature that marks the 
boundary between these species and their sister, 
E. variatum. Alternately we could test the hy¬ 
pothesis by dating the time of origin of E. tetra- 
zonum and E. euzonum. Thus this clade may 
show “attribute 3” patterns, but this hypothesis 
awaits more data. 


Other taxa are of interest. Five additional 
groups, one species of amphibian and four fish 
groups, deserve mention as possible examples 
pertinent to our analysis. 

1. Cryptobranchus alleganiensis has an over¬ 
all distribution similar to the Etheostoma var¬ 
iatum group. One subspecies alleganiensis is 
found in both highland regions and there is a 
disjunct population on the East Coast (Fig. 39). 

The four fish groups comprise either a single 
species for which subspecies are recognized or 
several closely related species. Lack of phyloge¬ 
netic hypotheses concerning their relationships 
precludes their use in the analysis. 

2. The subgenus Swainia, genus Percina (Fig. 
40). The group contains four highland darters 
(one undescribed) and a widespread species ( P. 
phoxocephala ) not confined to highland habitats 
(Page, 1974). 

3. The Etheostoma maculatum species group 
(Fig. 41). This group is interesting in having high¬ 
land species, disjunct populations of one species 
(E. maculatum ), and a southern disjunct species 
found in the drainage adjacent to that containing 
the southern disjunct population of Fundulus ca- 
tenatus (Williams & Etnier, 1982). Thus it con¬ 
tains species relevent to testing a Gulf Coastal 
Plain connection as well as a highlands connec¬ 
tion. 

4. Etheostoma blennioides. Several subspe¬ 
cies are recognized (Miller, 1968), and the dis¬ 
tribution of these is similar to others included in 
the analysis. 

5. Cottus carolinae. This species includes three 
highland subspecies and a subspecies endemic 
to the eastern Mobile Bay drainage (Lee et al., 

1980). 

Vicariance—the Central Highlands—discus¬ 
sion. The evidence we have presented indicates 
that speciation in highland fishes cannot be cor¬ 
related with the vicariance of the Central High¬ 
lands by the Illinoian Glacier. Rather, the evi¬ 
dence indicates that most or all of the species 
analyzed were present and living in the region 
before the Pleistocene and thus speciated over a 
landscape including drainage patterns not found 
today. Our data are not consistent with the idea 
that most of the groups analyzed lived north of 
their present distribution and were pushed south 
by glaciers to inhabit their present ranges, be¬ 
cause several clades have relatives in the Coastal 
Plain (Mobile and Apalachicola drainages) and 
some have relatives on the Atlantic slope. This 
implies a history of contact between the high- 
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Figure 24. Distribution of Notropis boops and N. xaenocephalus (from Burr & Dimmick, 1983). 


lands and the Gulf Coastal Plain. We do not wish 
to imply that the present disjunction is not cor¬ 
related with the Illinoian Glacier. It probably did 
cause the disjunction we now observe by mod¬ 
ifying the area north of the present highlands into 
the Central Lowlands. Further, we do not wish 
to imply that some speciation within either the 
Interior Highlands or the Tennessee Highlands 
had no correlation with Pleistocene events. It 
probably did. What we do wish to imply is that 
the simplest explanation for speciation observed 
in three species pairs we first discussed is not 
corroborated when we analyze the fauna as a 
whole. While large-scale vicariance speciation 
(Model I) might explain much of the evolution 
in the clades we have analyzed, glaciation does 
not provide a simple causal mechanism of vi¬ 
cariance correlated with speciation. 


ALLOPATRIC SPECIATION II —PERIPHERAL 

ISOLATION 

Peripheral isolation models postulate the or¬ 
igin of a new species in a very small portion of 
the range of an ancestor or colonization and sub¬ 
sequent differentiation of a part of the earth not 
occupied by the ancestor. One problem with de¬ 
ducing phylogenetic and biogeographic predic¬ 
tions from this mode is that there are at least 
two different processes that may be involved. In 
the case of what might be called “classic” pe¬ 
ripheral isolation, the model invoked has a dis¬ 
tinct ecological component as well as a historical 
component. New species arise in marginal hab¬ 
itats, usually but not always at the periphery of 
the ancestral range. This is the model favored by 
Mayr (1963), Hennig (1966), and Brundin (1966). 
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Figure 26. Distribution of Typhlichthys subter- 
Figure 25. Known collection localities of Lago- raneus (from Lee et al., 1980). 
chila lacera (now extinct, from Lee et al., 1980). 


It includes the notion that populations inhabiting 
marginal areas are somewhat free to diverge from 
the central population because of decreased gene 
flow. At least some, including Hennig (1966), 
also assert that differentiation occurs in response 
to the different ecological conditions encoun¬ 
tered by the isolated population. 

In “vicariant” peripheral isolation, the model 
invoked has a historical component but not nec¬ 
essarily an ecological component. It is simply the 
end of a continuum of possibilities for subdivid¬ 
ing an ancestral species, with large-scale vicari- 
ance involving large chunks of range and pe¬ 
ripheral isolates involving very small chunks. 

The commonality shared by these two types 
of peripheral isolation concern the characteristics 
of the ancestor relative to the descendant. Spe¬ 
cifically, the ancestor is thought to survive the 
speciation event unchanged or largely un¬ 
changed, whereas the peripheral iso’ate diverges 
(cf. Mayr, 1963; Grant, 1971; Eldredge & Gould, 
1972). Whether or not the ancestor “really sur¬ 
vives” is not the issue, rather, the issue is whether 
the large population evolves to any significant 
degree in a manner correlated with the speciation 
event. When we say “really survives” we refer 
to various metaphysical arguments dating to 
Hennig’s (1966) methodological conclusion that 


ancestral species always go “extinct” at branch 
points. We do not believe it is necessary to pos¬ 
tulate this. Without arguing the merits of the 
metaphysical case (we have no stake in the out¬ 
come of such an argument), the hypothesis is 
clear. Hennig’s (1966) deviation rule applies. One 
species, the peripheral isolate, diverges more from 
the ancestral condition than the other. A variety 
of predictions can be generated under this model 
(or models). These fall into two general classes, 
predictions from single speciation events and 
predictions from multiple speciation events. 

Peripheral isolation—single speciation 
events. Peripheral isolation involving one cen¬ 
tral population and one peripheral population 
results in a dichotomous tree at the level of 
species. Thus the tree pattern is identical to that 
produced by large-scale vicariance. The bio¬ 
geography, however, is quite different. We would 
expect the speciation event to result in a biogeo¬ 
graphic topology of a widespread species and a 
species of very limited range. For example, in 
the North American killifish genus Fundulus, F. 
diaphanus is a wide-ranging species and its sister 
species, F. waccamensis, is restricted to Lake 
Waccamaw in North Carolina, and one artifi¬ 
cially introduced population (that can be ig¬ 
nored) found in Phelps Lake, North Carolina. In 
describing F. waccamensis, Hubbs and Raney 
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Figure 27. Distribution of Percina evides and P. palmaris (from Page, 1983). 


(1946) suggested that it was a peripheral isolate 
derived from F. diaphanus. To what extent is 
this hypothesis justified? 

One problem in considering this hypothesis is 
that the ranges now occupied by F. diaphanus 
and F. waccamensis could have been achieved 
in several different ways. In Figure 42a we show 
the geographic relationships between two hy¬ 
pothetical species, A and B. In Figure 42b we 
show the origin of B as a peripheral isolate de¬ 
rived from a “small-scale” vicariance event. (The 
same effect would be achieved by dispersal of 
one or more populations ancestral to B into the 


area followed by differentiation.) This hypothet¬ 
ical scenario, similar to that favored by Hubbs 
and Raney (1946), requires little or no alterations 
in the range of A nor does it require scenarios 
invoking large-scale populational extinctions. The 
same result, however, could be achieved by very 
different scenarios, three of which are shown in 
Figure 42c, d, and e. These include (1) peripheral 
isolation of A with subsequent displacement of 
B into its present range (Fig. 42c), (2) a large- 
scale vicariance event resulting in the origins of 
both A and B, with subsequent displacement of 
B (Fig. 42d), and (3) widespread extinction of the 































620 


ANNALS OF THE MISSOURI BOTANICAL GARDEN 


[Vol. 72 



Eurycea lucifuga 


Figure 28. Distribution of Eurycea lucifuga (from Conant, 1975). 


original ancestral populations with both A and 
B originating in the resulting refugia, followed 
by a re-invasion of the original range of the 
ancestor by A (Fig. 42e). The problem is—how 
can we sort out these four very different scena¬ 
rios? 

One rather direct approach might be to adopt 
a parsimony argument and claim that it is sim¬ 
pler to adopt a model that requires no extinctions 
or dispersal (i.e.. Fig. 42b) because such a model 
contains the fewest ad hoc assumptions. We 
would reject this purely logical approach for two 
reasons. First, parsimony is a logical device and 
cannot be used to test a proposition. It proceeds 
by weighing conflicting data and there are none. 
Second, the importance (or lack thereof) ascribed 
to this model of speciation by some make it im¬ 
portant enough to be approached with some cau¬ 
tion. 

We suggest that certain lines of evidence might 
be developed. Some are “extrinsic” in that they 
deal with data concerning the histories of the 
respective geographic areas inhabited by the 


species involved. Some are “intrinsic” in that 
they deal with data derived from the species 
themselves. 

Extrinsic evidence might take several forms. 
We might demonstrate that there is no evidence 
for climatic change or large-scale vicariance 
events occurring in the region presently inhab¬ 
ited by species A that would have effected it or 
its ancestor. This would reinforce the idea that 
neither Figure 42d nor e are applicable. We might 
find that the region occupied by species B either 
did not exist or was uninhabitable in the recent 
past, requiring a hypothesis of dispersal into the 
area. We might be able to identify a “small-scale” 
vicariance event with the isolation of the ances¬ 
tral populations of B. 

Intrinsic evidence is more difficult to speculate 
about, because the kinds of data derived from 
character analysis may depend on levels of gene 
flow between populations, the time that has 
passed since vicariance or dispersal, the history 
(or lack thereof) of gene flow between the isolate 
and the central population, and the effect (or lack 
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Figure 29. Distribution of the Notropis spectrunculus species group (from Ramsey, 1965; Mayden, unpubl. 
data). An undescribed species reported by Branson (1983) is found west of the range of N. spectrunculus and it 
is partly sympatric with this species. We have not plotted the range of the undescribed species for lack of 
distributional data. 



Figure 30. Distribution of Etheostoma niangue and E. sagitta (from Page, 1983). 
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Figure 31. Distribution of Percina cymatotaenia and an undescribed sister species (from Page, 1983). 
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Figure 32. Distribution of the Fundulus catenatus species group (from Lee et al., 
Etnier, 1982). Tree: 3 + [4 + 5+(l +2)]. Characters supporting tree: see Wiley (in press). 
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Figure 33. Distributions of some of the members of the Hybopsis dissimilis species group (from Lee et al., 
1980). See Figure 34 for tree and characters supporting the tree. 


thereof) of local selection on each population. 
Controversies exist concerning the population 
genetical aspects of founder effects and even the 
importance of peripheral isolation as a mecha¬ 
nism of speciation (for recent contrasting reviews 
see Carson & Templeton, 1984, and Barton & 
Charlesworth, 1984). In spite of these problems, 
we believe that certain lines of inquiry might be 
fruitful. 

One line of inquiry might be developed around 
the notion that peripheral isolates diverge more 
than the central population. In a two-species sys¬ 
tem we might observe more fixed differences in 
the putative peripheral isolate relative to the re¬ 
constructed ancestral phenotype or genotype. For 
this to count, however, we would have to assume 
that the characters examined represent a random 
sample of all characters that have diverged. Fur¬ 


ther, lack of a sharp deviation (that is, the pres¬ 
ence of equal divergence in both lineages) might 
be compatible with peripheral isolation if the two 
species are of sufficiently ancient origin (thus pro¬ 
viding time for anagenesis in the wide-ranging 
species) and the wide-ranging species is charac¬ 
terized by high levels of gene flow (thus providing 
the opportunity for the spread of evolutionary 
novelties). 

Another line of evidence might be developed 
by considering the geographic variation of cer¬ 
tain kinds of characters. If species B is a periph¬ 
eral isolate, it was probably derived from pop¬ 
ulations of A near its range or, alternately, was 
in genetic contact with such populations before 
vicariance. This is probable if the scenario pre¬ 
sented in Figure 4b is true. Rapidly evolving sys¬ 
tems, especially if they were immune from se- 
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Figure 34. Distribution of the remaining species of the Hybopsis dissimilis species group (from Lee et al., 
1980). Tree: 3+4+5+0 +2). Characters supporting monophyly of the group: (l)an elongate basihyal, (2) stellate 
barbel morphology, (3) high vertebral count. Character supporting (1+2): distinct lateral blotches on the side 
of the body. (Characters from Mayden, unpubl. data.) 

lection and recombination, might show this 
relationship if a cladistic analysis was per¬ 
formed on geographic samples of populations 
of A and B. Mitochondrial DNA has the kinds 
of evolutionary characteristics suitable for such 
an analysis (Avise et al., 1979). 

Another line of evidence might be developed 
by considering “ancestral dines,” i.e., dines ap¬ 
parently present in ancestors that are retained in 
descendants (Wiley, 1981). At this level of anal¬ 
ysis, does the putative peripheral isolate fit into 
the pattern of geographic variation exhibited by 
populations of the supposed ancestor? If so, can 
we use this as evidence to prefer the scenario in 
Figure 42b relative to the alternatives? Perhaps 
if we can show that the characters are derived 
and heritable or that the pattern indicates a past 


history of genetic contact, then the species pair 
is a good candidate for the peripheral hypothesis. 

Returning to the F. diaphanus-E. waccamen- 
sis problem, we note the following. In terms of 
extrinsic evidence (1) Lake Waccamaw did not 
exist in the Middle Pleistocene. Thus its present 
freshwater fish fauna is the result of a colonizing 
event. (2) The lake is unique ecologically, being 
a clear, spring-fed lake surrounded by a tannic 
acid aquatic environment typical of the area. In 
terms of intrinsic evidence we note that while no 
detailed analysis of geographic variation has been 
published, F. diaphanus is comprised of two rec¬ 
ognized subspecies connected by a zone of in¬ 
tegration. The eastern form is “more similar” to 
F. waccamensis than is the northwestern form. 
Thus what we know about the relationships of 
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Figure 35. Distribution of the Notropis telescopus species group (from Lee et al., 1980). Tree: 1 +[4+(2+3)]. 
Characters supporting tree: see Cobum (1982). 
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Figure 36. Distribution of the Notropis zonatus-coccogenis species group (from Lee et al., 1980). Tree: 
[4+5]+[3+(l+2)]. Characters supporting tree: see Buth (1979). 
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Figure 37. Distribution of the Notropis nubilus species group (from Lee et al., 1980). Tree: 3+(l+2). 
Characters supporting monophyly of the group: (1) iridescent breeding colors, (2) dorsolateral pigment pattern 
on the scales heavily scalloped. Character supporting (1+2): presence of a dashed iridescent predorsal stripe. 
(Characters from Mayden, unpubl. data.) 


the two species does not preclude the hypothesis 
that F. waccamensis is a peripheral isolate de¬ 
rived from F. diaphanus. 

The problem is that such evidence is relatively 
weak considering the supposed importance of the 
phenomenon. In many cases the tentative nature 
of such speculations are compounded by the fact 
that the species pair involved is a singular and 


unique example. In the next section we will sug¬ 
gest that hypotheses of peripheral isolation may 
be strengthened if we can find additional ex¬ 
amples under certain circumstances either in the 
same clade, or in different clades inhabiting the 
same region. 

Peripheral isolation —multiple speciation 
events. Single and unique speciation events are 






























































































































1985] 


WILEY & MAYDEN-PHYLOGENETIC SYSTEMATICS 


627 



E. variatum 


E. osburni 


E. tetrazonum 


E. kanawhae 

-.-vjT/. 


E. blennius 


E. euzonum 


L t 

K| } y t 


« 1 , 


> fj 

7 ■*! | 

l (' \ l 

/ • 


V * 


\ -4 

' Vv 

1 LI | 

J | ^1 




y r 


J 


f ) 

| 

' }-r 

J 



i— 

•V 

t > if 


-i* 



I 

Vi 





Figure 38. Distribution of the Etheostoma variatum species group (from Page, 1983). Tree: 
7+[[6] + [(3+(l +2))+(4 + 5)]]. Characters supporting monophyly of the group: (1) fifth infraorbital pore and 
canal directed dorsally, and (2) large dark dorsal saddles on the body. Characters uniting 1 to 6: (1) anal rays 
9, (2) prevomerine teeth present. Characters uniting 1 to 5: (1) breeding tubercles in males and females, (2) 
brilliant breeding colors. Character uniting (4 + 5): derived mobility of GPI-2 (100). Character uniting 1 to 3: 
vertical bars on caudal peduncle continuous ventrally. Characters uniting (1 + 2): (1) 10 vertical bars on side of 
body, (2) yellow-gold bar on face. (Characters from Mayden, unpubl. data.) 


not easy systems to work with because we lack 
degrees of freedom to speculate about the pos¬ 
sible effects of dispersal, selection, and other phe¬ 
nomena that could lead us to the wrong hypoth¬ 
esis. A clade containing several species, more 
than one of which had some characteristics of 
peripheral isolates, or a biota containing an area 
of endemism inhabited by several suspected pe¬ 
ripheral isolates would give us more room to 
speculate. 

Wiley (1981) considered patterns of descent 
involving peripheral isolation. One case involves 
an ancestor that “buds off” more than one de¬ 
scendant. Since the two descendants do not share 
a unique history, they have nothing in common 
other than sharing an ancestor (i.e., they lack 
synapomorphies uniting them). If the ancestor 
remained conservative and if it were treated as 
a single unit, a trichotomy would be obtained. If 
the peripheral isolation events were far enough 


separated in time and the ancestor was evolving, 
a dichotomy would be obtained. If the ancestor 
was very widespread and geographically vari¬ 
able, and there were numerous peripheral iso¬ 
lates, a cladistic analysis might show a very com¬ 
plex phytogeny with the population samples of 
the ancestor appearing on the phylogeny next to 
or close to peripheral isolates in geographic prox¬ 
imity. We have no such examples in fishes, but 
if Shaffer’s (1984) cladistic analysis of Mexican 
ambystomatid salamanders is fairly accurate, the 
phylogenetic pattern he obtained is what we 
would expect to see. Populations of Ambystoma 
tigrinum (the suspected ancestor, widespread in 
North America and found in each of the endemic 
basins of the Mesa Central) appears in the phy¬ 
logeny interdigitated among no less than 12 
species (including both terrestrial and aquatic 
forms), of very limited range. 

The second approach is to search for different 
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Figure 39. Distribution of Cryptobranchus alleganiensis (from Conant, 1975). 


groups that have endemics in the same restricted 
area. We can then use the methods of vicariance 
biogeography to examine the phylogenetic and 
biogeographic relationships of the endemics to 
their sister species. For example, Lake Wacca- 
maw has three endemic species of fishes, each 
with a widespread sister species. One is F. wac- 
camensis. The second is Menidia extensa (a sil- 
verside). It is related to the wide-ranging coastal 
species M. beryllina. The third is Etheostoma 
perlongum, a darter related to E. omstedi. The 
distributions of the three species pairs are shown 
in Figure 43. Note that the three widespread 
species have little in common, their ranges do 
not coincide, they have different ecologies, and 
they are very distantly related. Given these ob¬ 
servations, coupled with the relatively late origin 
of Lake Waccamaw, it is improbable that the 
scenarios in Figure 42c, d, and e can explain a 
distributional pattern in which there is geograph¬ 
ic congruence of three unrelated endemics but 


little congruence between the closest relatives of 
these endemics other than the fact that each is 
found around the lake. The best explanation 
seems to be Figure 42b. Finally, we note that 
Lake Waccamaw has a diverse fish fauna (Hubbs 
& Raney, 1946), and the vast majority of species 
have not speciated in the lake. This indicates that 
while unique ecological circumstances might 
promote differentiation; differentiation is not an 
automatic consequence of changing the ecolog¬ 
ical parameters a population finds itself in. 

The North American fish fauna contains many 
species whose distributions suggest peripheral 
isolation, especially among darters and min¬ 
nows. For example, Notropis procne is a wide¬ 
spread species while its sister species, N. mekisto- 
cholas (Snelson, 1971) has a limited and 
peripheral distribution (Fig. 44). We might en¬ 
tertain the hypothesis that the origin of N. me- 
kistocholas involved peripheral isolation and that 
N. procne is the extant ancestor. However, our 
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Figure 40. Distribution of subgenus Swainia genus Percina (from Page, 1983). Tree: 1+[(2 + 3)+(4 + 5)]. 
Characters supporting tree: see Page (1983) and Mayden (1985). 


lack of knowledge of the cladistic relationships 
among populations of the hypothesized ancestor 
coupled with our lack of knowledge of the closest 
relative(s) of the species pair limits our ability to 
follow up our analysis. We can neither test the 
proposition by showing that some population or 
populations of N. procne are cladistically nearer 
the descendant for some characters nor can we 
show that the putative descendant conforms to 
the deviation rule of Hennig (1966). 

Perhaps as important as finding criteria from 
which one can use phylogenetic analysis to cor¬ 
roborate hypotheses of peripheral isolation is to 
find cases in which phylogenetic analysis causes 
rejection of the hypothesis or indicates a need 
for collection of additional data. For example, 
Fundulus albolineatus and F. julisia are two ob¬ 
vious candidates for the peripheral isolates hy¬ 
pothesis and are surrounded by a possible ances¬ 


tor, Fundulus catenatus (Fig. 32). However, what 
little we know of the relationships of this group 
indicates that F. catenatus is more closely related 
to F. stellifer, and thus these species do not con¬ 
form to the expected pattern of peripheral iso¬ 
lates and their ancestors (Wiley, in press; data 
from Williams & Etnier, 1982). 

The continuum of allopatric speciation from 
large-scale vicariance and peripheral isolation is 
apparent when we consider “mini-vicariance.” 
Mayden (1985) has examined several species 
found in the Ouachita Highlands whose closest 
relatives inhabit the surrounding lowlands. These 
include eight species of fishes: two minnows ( No - 
tropis perpal/idus and an undescribed species), 
two madtom catfishes ( Noturus lachneri and N. 
taylori), four darters ( Etheostoma pallididorsum, 
E. radiosum, Percina pantherina, and an unde¬ 
scribed species). In addition there are six species 
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Figure 41. Distribution of the Etheostoma tnac- 
ulatum species group (from Williams & Etnier, 1982 
and Page, 1983). Tree: relationships unresolved. 


of crayfishes: Orconectes leptogonopodus, O. 
menae, Procambarus ouachitae, P. parasimu- 
lans, P. reimeri, and P. tenuis (for references see 
Mayden, 1985). The congruence observed points 
to a common vicariance event involving the 
Ozark Highlands, possibly associated with the 
dissection of the Interior Highlands by the Ar¬ 
kansas River, and a common event with species 
surrounding or south of the highlands. The fact 
that a relatively small geographic region was in¬ 
volved makes this pattern a candidate for “vi- 
cariant peripheral isolation.” 

There are many North American fishes that 
have restricted distributions, making them can¬ 
didates for the peripheral isolation model. While 
some can be dismissed because of age or obvious 
extinction patterns, others cannot be so lightly 
dismissed. Our major problem, however, is that 
we lack the phylogenetic information needed to 
do the necessary kinds of analyses to test the 
model. 

Allo-parapatric and Parapatric 

Speciation 

Allo-parapatric speciation occurs when two 
populations of an ancestral species become dis- 



Figure 42. Scenarios concerning the evolution of 
species A and B. 


junct, differentiate to some degree during the time 
they are allopatric, become sympatric in a lim¬ 
ited area, and complete their divergence because 
of interactions in the zone of sympatry. Para¬ 
patric speciation occurs when two populations 
attain lineage independance while maintaining a 
narrow zone of contact (see Wiley, 1981, for 
summaries of both models). Both models are hard 
to test, at least in fishes. An investigator postu¬ 
lating the allo-parapatric model must demon¬ 
strate that (1) the contact zone is a secondary 
zone achieved after a disjunction, and (2) that 
the differences observed between the species have 
either been evolved or “perfected” because of 
the interactions within the contact zone. An in¬ 
vestigator postulating the parapatric model must 
demonstrate that (1) the contact zone is a pri¬ 
mary zone, and (2) the differences we observe 
have been achieved in spite of the contact be¬ 
tween the two species. The simple observation 
of the presence of the contact zone is not suffi¬ 
cient. Testability is confounded because except 
for the presence of the contact zone itself, the 
phylogenetic and biogeographic predictions we 
can derive from both models are similar to those 
we can derive from the various modes of allo¬ 
patric speciation (Wiley, 1981). 

We do not have examples of either of these 
modes of speciation in the North American fish 
fauna. There are several reasons for this. First, 
it has been a tradition among North American 
ichthyologists to favor a rather strict definition 
of the biological species concept. Thus nominal 
taxa showing even limited interbreeding within 
a contact zone are usually considered as a single 
species and the possibility of either mode oper¬ 
ating is never considered. Second, freshwater 
fishes are confined to the streams they inhabit 
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Figure 43. Distributions of three species endemic to Lake Waccamaw, North Carolina, and their widespread 
closest relatives (from Lee et al., 1980). 


and this limits the possibilities for establishing 
contact zones and enhances the possibilities for 
allopatry between drainages. Thus, parapatric and 
allo-parapatric speciation would be expected to 
be largely confined to within-drainage systems 
situations. Third, we of the ichthyological com¬ 
munity simply have not been looking for evi¬ 
dence of either mode because we tend to think 
“allopatrically.” 

Stasipatric Speciation 

Although stasipatric speciation has frequently 
been considered synonymous with parapatric 
speciation, we restrict it to a mode of speciation 
involving chromosome mutations coupled with 
some mechanism such as drift or meiotic drive 
to fix the mutation in a small population, fol¬ 
lowing the model presented by White (1978). We 


have no examples of this mode of speciation in 
the North American fish fauna and we see no 
hope of finding examples until such time as 
methods for banding fish chromosomes are gen¬ 
erally made available. 

Sympatric Speciation 

As discussed by Wiley (1981), there are several 
modes of speciation that do not depend on any 
degree of geographic subdivision and thus can 
be termed “sympatric” modes. There are no ex¬ 
amples of North American fishes that show an 
ecological mode of sympatric speciation. There 
are examples involving hybridization and sexual 
shifts that have produced unisexual species. These 
include two well-documented examples. 

Poecilia formosa is a gynogenetic species 
(Hubbs, 1964) found in northern Mexico and 
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Figure 44. Distribution of Notropis procne and N. 
mekistocholas (from Lee et al., 1980). 

southern Texas. Hubbs and Hubbs (1932) sug¬ 
gested that this species originated by hybridiza¬ 
tion between the bisexual species P. latipinna 
and P. sphenops. [Species composition of the P. 
sphenops complex is not clear (Schultz & Miller, 
1971) and the species involved in the hybridiza¬ 
tion event could have been P. mexicana or P. 
sphenops .] Although P. latipinna and members 
of the P. sphenops complex are in the same sub¬ 
genus, they are not considered very close rela¬ 
tives. 

Menidia clarkhuhhsi is a unisexual species of 
silverside found at three different locations in 
Texas (Echelle & Mosier, 1982). Echelle and Mo- 
sier (1982) hypothesized that the species arose 
via hybridization between two species, M. ber- 
yllina and M. peninsulae. The parental species 
are not sister species. Menidia beryllina is more 
closely related to M. extensa than to M. penin¬ 
sulae (Johnson, 1975). 

In addition, there are at least five “forms” of 
the topminnow genus Poeciliopsis that are com¬ 
posed of parthenogenic females (Schultz, 1967; 
Moore et al., 1970). However, the nomenclature 
and relationships of these forms are not clear (R. 
R. Miller, pers. comm.). They may be examples 
of species derived from hybridization and sexual 


shifts, sexual shifts alone, or morphs within their 
respective species. 

Discussion and Conclusions 

Analysis of phylogenetic and biogeographic 
patterns of descent and attempts to correlate these 
patterns with modes of speciation has hardly be¬ 
gun. Our attempts with selected North American 
fishes is a preliminary effort, but they suggest that 
such correlations can be made. Our first example, 
the Northern Gulf Coast, suggests a pattern of 
large-scale allopatry (model I) involving several 
clades. We note that the number of species in¬ 
volved is small relative to the number of species 
inhabiting the region and that the groups them¬ 
selves do not comprise a “biota” in the sense 
discussed by vicariance biogeographers (Fig. 45). 
Further, not all speciation followed a common 
pattern. Our second example, the Central High¬ 
lands, can only be considered a counterexample. 
We observe vicariance without consequent spe¬ 
ciation. Apparently the species inhabiting the re¬ 
gions were present before the vicariance event 
that caused the disjunction of the fauna. How¬ 
ever, the effects of vicariance can be seen within 
the Interior Highlands in a pattern of “mini- 
vicariance” in the Ouachita Highlands. 

Our attempt to corroborate the peripheral iso¬ 
lation hypothesis proposed by previous workers 
for three species endemic to Lake Waccamaw 
met with success, but although other biogeo¬ 
graphic patterns involving putative ancestors and 
descendants are suggestive of this phenomenon, 
we lack the phylogenetic and biogeographic in¬ 
formation necessary to pursue such hypotheses. 
Two examples of multiple peripheral isolation 
were examined. In one (Fundulus catenatus, F. 
julisia, and F. albolineatus ) hypotheses that the 
two species of restricted distribution are periph¬ 
eral isolates of the wide-ranging species are not 
corroborated because the wide-ranging species, 
F. catenatus, is more closely related to F. stellifer. 
This does not falsify either hypothesis, but it 
does require that we must minimally entertain 
the idea that F. catenatus has evolved anagenet- 
ically and given rise to F. stellifer after the origin 
of the two peripheral isolates if it is, indeed the 
ancestor. (But if this is true, would the species 
that gave rise to F. albolineatus and F. julisia be 
F. catenatus ?) The other example, species of am- 
bystomatid salamanders of the Mesa Central 
seems to offer a clearer picture, but we need ex¬ 
amples among fishes. 
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Figure 45. Summary map of distributions of taxa from the Central Gulf Coast and adjacent regions con¬ 
sidered in this paper. 


We were not able to provide evidence for either 
allo-parapatric or parapatric speciation. It is pos¬ 
sible that, because freshwater fishes are confined 
to their streams, the opportunity for either mode 
to operate is restricted. Perhaps studies of coastal 
species where this restriction is not present will 
provide an opportunity to demonstrate these 
modes of speciation. 

The only sympatric mode of speciation well 
documented in the North American fish fauna 
is speciation via hybridization associated with 
asexual or gynogenetic reproduction of all-fe¬ 
male descendants. In neither case were the species 
of hybrid origin the result of hybridization be¬ 
tween closest relatives. 
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